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(54) Methods for fabricating a multilevel interconnection for an integrated circuit device utilizing 
a selective overlayer 



(57) The present invention utilizes a selective over- 
layer (320,450) to provide more efficient fabrication of a 
dual damascene multilevel interconnect structure. The 
selective overlayer serves as a protective mask which 
prevents the upper layer (440) of the composite layer 
(41 0-440) from being eroded during the formation of the 
multi-level interconnects. The present invention also 
solves some of the problems associated with the f ull-via 



first and partial-via first fabrication methods because the 
selective overlayer enables an efficient, deep partial via 
(340,470) to be formed while preventing the deposit of 
undeveloped photoresist in subsequent fabrication 
steps. The present invention also provides advantages 
during the planarization and polishing of the dual da- 
mascene structure after the deposition of the conductive 
layer because the selective overlayer allows for efficient 
planarization without loss of trench depth control. 
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Description 
Field Of The Invention 

[0001] The present invention relates to methods for 5 
fabricating a multi-level interconnection for an intpnrat- 
ed circuit device, and more specifically, to methods for 
making a dual damascene contact. 



Background Of The Invention 
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[0002] As the level of integration for integrated circuits 
increases, the number of interconnects necessary for 
linking up devices increases : too. Therefore, designs 
employing four or more metallic layers are gradually be- rs 
coming the norm in the fabrication of integrated circuits. 
When the level of integration is further increased a high 
production yield and good reliability is difficult to 
achieve. 

[0003] Damascene processing is a fabrication tech- 20 
nique that involves the creation of interconnect lines by 
first etching a trench in a planar dielectric layer, and then 
filling that trench with a conductor. This is the preferred 
method for fabricating semiconductor devices with cop- 
per metal interconnects because copper is not easily 25 
patterned using conventional anisotropic etching tech- 
niques. Dual damascene is a multilevel interconnection 
process in which the filling of the trench and the contact 
or via openings, which form the connections to the pre- 
vious interconnect level with metal, is done simultane- 30 
ously. 

[0004] Several fabrication schemes exist to form dual 
damascene structures. A common scheme is known as 
the full-via first method. FIGs. 1A-1D are cross-section 
views showing steps of a conventional full-via first dual 35 
damascene fabrication method. As shown in FIG. 1 A, a 
semiconductor substrate 100 is provided having semi- 
conductor devices 110 formed therein. A composite di- 
electric layer is then formed over the semiconductor 
substrate, wherein the composite dielectric layer com- 40 
prises a barrier dielectric layer 120 of a first dielectric 
material, a via dielectric layer 130 of a second dielectric 
material, an etch stop dielectric layer 140 of a third die- 
lectric material, and a trench dielectric layer 150 of a 
fourth dielectric material. A first patterned photoresist 4s 
layer 160 is formed over the composite layer exposing 
a via opening 170. Using standard etching techniques, 
the via opening 170 is transferred through the trench di- 
electric layer 150, etch stop dielectric layer 140, and via 
dielectric layer 1 30 exposing the barrier dielectric layer so 
120. Next, referring to FIG. 1 B, the first patterned pho- 
toresist layer is removed and a second patterned pho- 
toresist layer 180 is formed over the composite layer to 
define a trench opening 190. 

[0005] Then, referring to FIG. 1 C, the trench opening 55 
190 is transferred through the trench dielectric layer 
150, whereby the etch stop dielectric layer 140 prevents 
erosion of the via dielectric layer 130. Turning now to 



FIG. 1D, using the second patterned photoresist layer 
180 as a mask, the trench opening 190 is then trans- 
ferred through the etch stop dielectric layer 140 expos- 
ing the via dielectric layer 130, and the via opening 170 
is transferred through the barrier dielectric layer 120 ex- 
, — ...y « vwiiuuuui 1 iu wnniri trie semiconauctor sub- 
strate 100. A conductive layer (not shown) can then be 
formed over the entire structure, filling both the via and 
trench openings 170, 190. Thereafter, a polishing proc- 
ess can be performed to planarize the dual damascene 
structure. 

[0006] The full-via first method is problematic be- 
cause, for example, the initial via is relatively deep, has 
a high aspect ratio, and typically requires etching 
through three dielectric layers (e.g., the trench dielec- 
tric, etch stop dielectric, and via dielectric). Forming this 
deep via can be very slow and requires the etch process 
to have a high degree of profile control and excellent 
selectivity to the firsl patterned photoresist layer in order 
to provide suitable results. As used herein, selectivity is 
the etch rate of one dielectric material divided by the 
etch rate of a second dielectric material wherein a high 
degree of selectivity implies that the first dielectric etch- 
es much slower than the second dielectric. If the selec- 
tivity between the first patterned photoresist layer and 
the dielectric layers is not sufficiently high, the etching 
process will remove the first patterned photoresist layer 
and begin eroding the trench dielectric before the via is 
fully formed. 

[0007] To overcome some of the difficulties associat- 
ed with the full-via first method, a few of which are dis- 
cussed above, an alternate scheme commonly referred 
to as the partial-via first method can be used. FIGs. 2A- 
2D are cross-sectional views illustrating steps of a con- 
ventional partial-via first fabrication method wherein the 
structural layers are substantially the same as those de- 
scribed above in connection with the full-via first meth- 
od. 

[0008] As shown in FIG. 2 A, a first patterned photore- 
sist layer 160 is formed over the trench dielectric layer 
150 to define a via opening 170. Referring to FIG. 2B, 
the via opening 170 is transferred through the trench di- 
electric layer 150 and the etch stop dielectric layer 140 
but, unlike the full-via first method, the via opening 170 
is only partially transferred into the via dielectric layer 
130. Turning to FIG. 2C, the first patterned photoresist 
layer is then removed and a second patterned photore- 
sist layer 180 is formed to define a trench opening 190. 
Referring to FIG. 2D t the via opening 170 is then trans- 
ferred through the via dielectric layer 130 exposing the 
barrier dielectric layer 120 while, at the same time, the 
trench opening 190 is transferred through the trench di- 
electric layer 150 exposing the etch stop dielectric layer 
140. The dual damascene structure is then completed 
using substantially the same steps employed in the full- 
via first method. 

[0009] The partial-via first method appears to elimi- 
nate some of the difficulties in the full-via first method 
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by reducing the depth of the initial via etch, and thus 
decreasing the required level of selectivity between the 
first patterned photoresist layer and the dielectric layers. 
The partial-via first method may also decrease the time 
required to make the initial via etch. This method, how- 
ever, may create additional problems. For example, one 
problem is that, as shown in FIG. 2C, after formation of 
the second patterned photoresist layer 180 : undevel- 
oped photoresist 200 may be left at the bottom of the 
partially etched via opening 170. The undeveloped pho- 
toresist 200 may form a barrier which prevents the via 
opening 170 from being completely transferred through 
the via dielectric layer 130 while the trench opening 190 
is being transferred through the trench dielectric layer 
150. The deeper the partial via opening is during the 
time of the formation of the second patterned photore- 
sist layer, the more likely that undeveloped photoresist 
will be left in the via. 

[0010] However, if the depth of the partial via opening 
is reduced to avoid leaving undeveloped photoresist in 
the via, then the time required to complete the via during 
the completion of the trench is increased, often resulting 
in the trench etch being completed prior to the comple- 
tion of the via. As a result, the total time to complete the 
structure is increased, and the etch stop dielectric layer 
must have a very high degree of selectivity with respect 
to the via dielectric layer to prevent the trench opening 
from being transferred into the via dielectric layer. 
[0011] Another problem with both the full-via first and 
partial-via first methods occurs during the polishing 
process after the conductive layer is deposited to fill the 
trench and via openings. A common process of planariz- 
ing the dual damascene structure and removing the ex- 
cess conductive layer from above the trench dielectric 
layer is known as chemical/mechanical polishing 
(CMP). A critical problem with the CMP process, as well 
as other polishing methods, is that a limited degree of 
selectivity is obtainable between the conductive layer 
and the trench dielectric layer. Thus, the CMP process 
often erodes the upper portion of the trench dielectric 
layer and the upper portion of the conductive layer in the 
trench, causing poor trench depth control. Poor trench 
depth control translates into an uncontrolled intercon- 
nect resistance which reduces overall circuit perform- 
ance. 

[001 2] Therefore, an unsatisfied need exists for meth- 
ods of fabricating a dual damascene contact which pre- 
vents the formation of undeveloped photoresist and also 
does not allow undefined erosion of either the trench or 
via dielectrics. An unsatisfied need also exists for a fab- 
rication method that allows for the planarization of the 
dual damascene structure without losing control over 
the depth of the trench. 

Summary Of The Invention 

[001 3] The present invention comprises a method uti- 
lizing a selective overlayerfor more efficient fabrication 



of a dual damascene multilevel interconnect structure. 
The selective overtayer serves as a protective mask 
which prevents the upper layer of the composite layer 
from being eroded during the formation of the multilevel 

5 interconnects. The present invention also solves the 
problems associated with the full-via first and partial-via 
first fabrication methods because the selective overlay- 
er enables an efficient, deep partial via to be formed 
while preventing the deposit of undeveloped photoresist 

10 in the via during subsequent fabrication steps. The 
present invention also provides advantages during the 
planarization and polishing of the dual damascene 
structure after the deposition of the conductive layer be- 
cause the selective overlayer allows for efficient planari- 

15 zation without loss of trench depth control. 

[0014] In accordance with an aspect of the invention, 
a method of fabricating a multilevel conductive intercon- 
nection for an integrated circuit device is disclosed. This 
method comprises providing a semiconductor substrate 

20 including a semiconductor device and having a dielec- 
tric layer formed thereon. A selective overlayer is formed 
over the dielectric layer and a first patterned photoresist 
layer is formed over the selective overlayer to define a 
first opening. The selective overlayer and the dielectric 

25 layer are etched to a first predetermined depth using the 
first patterned photoresist layer as a mask to transfer 
the first opening through the selective overlayer and at 
least partially into the dielectric layer. The first patterned 
photoresist layer is removed and a second patterned 

30 photoresist layer is formed over the selective overlayer 
to define a second opening. The dielectric layer is 
etched to a second predetermined depth, which is great- 
er than the first predetermined depth, using the selective 
overlayer as a mask to transfer the first opening further 

35 into the dielectric layer. The selective overlayer is etched 
using the second patterned photoresist layer as a mask 
to transfer the second opening through the selective 
overlayer. The dielectric layer is etched using the selec- 
tive overlayer as a mask to transfer the first opening 

40 through the composite layer exposing the semiconduc- 
tor substrate, and the second opening into the dielectric 
layer to a third predetermined depth which is less than 
the second predetermined depth. 
[0015] In addition, the second patterned photoresist 

45 layer can be removed and a conductive layer can be 
deposited to fill the first and second openings. The con- 
ductive layer may then be polished and planarized using 
the selective overlayer as a polish slowdown. 
[0016] In addition to the method described above, the 

so dielectric layer may comprise a first dielectric layer com- 
prising a first dielectric material formed over a second 
dielectric layer comprising a second dielectric material. 
In this structure, it is preferred that the first predeter- 
mined depth be chosen such that the first opening is 

55 transferred at least partially into the first dielectric layer 
and the second predetermined depth be chosen such 
that the first opening is transferred through the first die- 
lectric layer and at least partially into the second dielec- 
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trie layer. It is also preferred that the third predetermined 
depth be chosen such that second opening is trans- 
ferred through the first dielectric layer exposing the sec- 
ond dielectric layer. 

[0017] In accordance with another aspect of the in- 5 
vention, the dielectric layer may comprise a composite 
layer comprising a first dielectric layer, formed over a 
second dielectric layer, formed over a third dielectric lay- 
er formed over a fourth dielectric layer. A selective over- 
layer is formed over the composite layer and a first pat- io 
terned photoresist layer is formed over the selective 
overlayer to define a first opening. The selective over- 
layer and the composite layer are then etched to a first 
predetermined depth using the first patterned photore- 
sist layer as a mask to transfer the first opening through is 
the selective overlayer and at least partially into the 
composite layer. The first patterned photoresist layer is 
removed and a second patterned photoresist layer is 
formed over the selective overlayer to define a second 
opening. The composite layer is etched to a second pre- 20 
determined depth which is greater than the first prede- 
termined depth using the selective overlayer as a mask 
to transfer the first opening further into the composite 
layer while the selective overlayer prevents the second 
opening from being transferred into the first dielectric 25 
layer. The selective overlayer is then etched using the 
second patterned photoresist layer as a mask to transfer 
the second opening through the selective overlayer. The 
composite layer is then etched using the selective over- 
layer and the second dielectric layer as masks to trans- 30 
ferthe first opening through the third dielectric layer and 
the second opening through the first dielectric layer. The 
composite layer is then etched to transfer the first open- 
ing through the fourth dielectric layer and the second 
opening through second dielectric layer. 35 
[001 8] In addition to the method described above, the 
second patterned photoresist layer may be removed 
and a conductive layer deposited to fill the first and sec- 
ond openings. The conductive layer may then be 
planarized and polished using the selective overlayer as 40 
a polish slowdown. 



grated circuit according to a second embodiment of the 
present invention. 

Detailed De scription Of The Invention 



i»i 1* /ill 1 



Brief Description Of The Drawing s 

[0019] FIGs. 1A-1D (prior art) are cross-sectional 45 
views showing manufacturing steps of a conventional 
full-via first dual damascene processing method 
[0020] FIGs. 2A-2D (prior art) are cross-sectional 
views showing manufacturing steps of a conventional 
partial-via first dual damascene processing method. so 
[0021] FIGs. 3A-3J are cross-sectional views show- 
ing manufacturing steps of a method for fabricating a 
multilevel conductive interconnection for an integrated 
circuit according to a first embodiment of the present in- 
vention. 55 
[0022] FIGs. 4A-4G are cross-sectional views show- 
ing manufacturing steps of another method for fabricat- 
ing a multilevel conductive interconnection for an inte- 



[00231 The 

more fully hereinafter with reference to the accompany 
ing drawings, in which preferred embodiments of the in- 
vention are shown. This invention may, however, be em- 
bodied in many different forms and should not be con- 
strued as limited to the embodiments set forth herein; 
rather, these embodiments are provided so that this dis- 
closure will be thorough and complete, and will fully con- 
vey the scope of the invention to those skilled in the art. 
Like numbers refer to like elements throughout. 
[0024] Referring to FIGs, 3A-3J, there are shown 
cross-sectional views illustrating steps of a preferred 
embodiment of the present invention for fabricating 3 
multi-level conductive interconnection for an integrated 
circuit device utilizing a selective overlayer. As shown 
m FIG. 3A, a semiconductor substrate 300 is provided 
having a dielectric layer 310 formed thereon. The term 
semiconductor substrate is understood to possibly in- 
clude a semiconductor wafer active and passive devic- 
es formed within the wafer, and layers formed on the 
wafer's surface. Thus, the term semiconductor sub- 
strate is meant to include devices formed within a sem- 
iconductor wafer and the layers overlying the wafer The 
dielectric layer 31 0 may comprise one or more layers of 
dielectric material which may be formed using tech- 
niques well-known in the art such as plasma enhanced 
chemical vapor deposition (PECVD), chemical vapor 
deposition (CVD), or spin-on techniques. 
[0025] Turning now to FIG. 3B, a selective overlayer 
320 is formed over the dielectric layer 31 0 in accordance 
with the present invention. The selective overlayer 320 
may be formed using PECVD, CVD, spin-on methods, 
or any of several other techniques well-known in the art 
The selective overlayer 320 may comprise any of sev- 
eral dielectric materials, for example, silicon nitride 
(SiN), amorphous hydrogenated silicon carbide (a-SiC: 
H), or silicon oxynitride (SiON). The selective overlayer 
material is chosen so that there exists a high degree of 
selectivity between the selective overlayer 320 and cer- 
tain of the layers in the dielectric layer 310, depending, 
of course on the composition of the dielectric layer. The 
thickness of the selective overlayer 320 may vary de- 
pending on factors such as the composition of the die- 
lectric layer 310 and the composition of the selective 
overlayer 320, but is typically between 5 and 150 na- 
nometers. 

[0026] The selective overlayer 320 provides numer- 
ous advantages over the prior art. First, the selective 
overlayer 320 serves as a protective layer that prevents 
the upper layer of the dielectric layer 310 from being 
eroded during the formation of the multilevel intercon- 
nects. Second, the selective overlayer 320 solves many 
of the problems associated with the full-via first and par- 



7 



EP 1 107 308 A1 



8 



tial-via first methods because it allows a relatively deep 
partial via to be formed while preventing the deposit of 
undeveloped photoresist in subsequent steps. Third, 
the selective overlayer 320 provides advantages during 
the planarization and polishing processes because it 
may be chosen to have a high degree of selectivity with 
respect to the conductive layer allowing for planarization 
without loss of trench depth control. The selective over- 
layer 320 may be chosen to provide other advantages 
as weil. For instance, the selective overlayer 320 may 
be selected so that it has desired optical properties to 
assist in photolithography processes by reducing the re- 
flectivity of the underlying layers. 
[0027] Referring now to FIG. 3C, a first patterned pho- 
toresist layer 330 is formed over the selective overlayer 
320 to define a first opening 340. The dimensions of the 
first opening may vary widely in accordance with the 
overall circuit design. The first patterned photoresist lay- 
er may be formed using any of several well-known pho- 
tolithography methods. 

[0028] As shown in FIG. 3D, the selective overlayer 
320 and the dielectric layer 310 are etched using the 
first patterned photoresist layer 330 as a mask to trans- 
fer the first opening 340 through the selective overlayer 
320 and Into the dielectric layer 310 to a first predeter- 
mined depth 350. The first predetermined depth 350 is 
chosen based on the composition of the dielectric layer 
320 and the desired depth of the initial etch. It should, 
however, be shallow enough to completely develop the 
photoresist and, thus, preclude undeveloped photore- 
sist from remaining in the bottom or lower portion of the 
first opening 340 during the subsequent step of forming 
a second patterned photoresist layer. The etching proc- 
ess may be accomplished using any one of several well- 
known etching techniques including reactive ion etching 
or high density plasma (HDP) etching. The etching 
chemistry preferably is chosen to minimize the time re- 
quired to complete the etch. By way of example only, if 
the selective overlayer 320 is formed of SiN and the por- 
tion of the dielectric layer 310 being etched is formed of 
silicon dioxide (Si0 2 ), then a two step etching process 
may be utilized wherein the first step would etch through 
the selective overlayer using a suitable etching chemis- 
try such as one comprising fluoromethane (CH 3 F) and 
oxygen (0 2 ), and the second step would etch the die- 
lectric layer to the first predetermined depth 350 using 
a suitable etching chemistry such as one comprising 
perfluorocyclobutane (C 4 F 8 ), carbon monoxide (CO), 
argon (Ar) and 0 2 . 

[0029] Turning to FIG. 3E, the first patterned photore- 
sist layer is removed using any of several techniques 
well-known in the art such as oxygen plasma ashing or 
by applying a chemical solvent strip. A second patterned 
photoresist layer 360 is then formed over the selective 
overlayer 320 to define a second opening 370 using any 
of several well-known photolithography techniques. Al- 
though the second opening 370 is shown in FIG. 3E is 
wider than the first opening 340, it will be understood 



that the dimensions of the first and second openings 
340, 370 are determined by the overall circuit design 
and, thus, the second opening need not be wider than 
the first opening. 

5 [0030] Referring to FIG. 3F, the dielectric layer 310 is 
etched to a second predetermined depth 380 using the 
selective overlayer 320 as a mask to transfer the first 
opening 340 further into the dielectric layer 310. Advan- 
tageously, the selective overlayer 320 prevents the sec- 

10 ond opening 370 from being transferred into the dielec- 
tric layer 310. This allows a relatively deep first opening 
340 to be formed without eroding the upper surface of 
the dielectric layer 31 0 and eliminates the possibility that 
undesired undeveloped photoresist may remain at the 

is bottom of the first opening because the depth of the first 
opening remained relatively shallow until after the sec- 
ond patterned photoresist layer had been formed. 
[0031] The etching of the dielectric layer may be ac- 
complished using any of several well-known techniques 

20 such as HDP or reactive ion etching. In accordance with 
the invention, the selective overlayer 320 should have 
a relatively high degree of selectivity with respect to the 
portion of the dielectric layer 31 0 being etched. This high 
degree of selectivity allows the dielectric layer 31 0 to be 

25 etched at a rate much faster than the selective overlayer 
320 is etched. It will be recognized by those skilled in 
the art that this may be accomplished by choosing an 
appropriate etching chemistry having the necessary 
properties based on the composition of the selective 

30 overlayer 320 and the dielectric layer 310, By way of 
example only, if the selective overlayer is formed of SiN 
and the portion of the dielectric layer being etched is 
formed of Si0 2 , the desired etching properties may be 
obtained using an etching chemistry comprising C 4 F 8 , 

35 CO, Arand 0 2 . 

[0032] Referring to FIG. 3G, the selective overlayer 
320 is etched using the second patterned photoresist 
layer 360 as a mask to transfer the second opening 370 
substantially through the selective overlayer 320. The 

40 etching process may be performed using any of several 
well-known etching techniques such as HDP or reactive 
ion etching. The etching process should have a high de- 
gree of selectivity between the selective overlayer 320 
and the second patterned photoresist layer 360 so that 

45 the second opening 370 can be transferred through the 
selective overlayer 320 while the second patterned pho- 
toresist layer 360 is etched minimally, if at ail. It will be 
understood by those skilled in the art that this may be 
achieved by selecting an etching chemistry that etches 

so the selective overlayer 320 at a much faster rate than 
the second patterned photoresist layer 360. By way of 
example only, if the selective overlayer 320 is formed of 
' SiN and the second patterned photoresist layer 360 is 
formed of organic material, then an etching chemistry 
55 comprising CH 3 F and 0 2 may be used. 

[0033] Referring now to FIG. 3H, the dielectric layer 
310 is etched using the second patterned photoresist 
layer 360 as a mask to transfer the first opening 340 
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through the dielectric layer 310 exposing the underlying 
semiconductor substrate 300, while, at substantially the 
same time, the second opening 370 is transferred at 
least partially into the dielectric layer 310 to a third pre- 
determined depth 390. The third predetermined depth 
390 is chosen based on the desired depth of the second 
opening 370 as dictated by the overall circuit design. 
This may be accomplished using any of several well- 
known etching techniques whereby the etching chemis- 
try is chosen such that the portion of the dielectric layer 
310 being etched etches at a much faster rate than the 
selective overlayer 320. By way of example only, if the 
selective overlayer is made of SiN and the portion of the 
dielectric layer being etched is made of silicon oxide 
Si0 2 , then an etching chemistry comprising C 4 F 8 , CO, 
Ar and 0 2 may be used. 

[0034] The second patterned photoresist layer 360 is 
then removed using any of several known techniques 
such as oxygen plasma ashing or applying a chemical 
solvent strip. It will be understood, however, that the sec- 
ond patterned photoresist layer may be removed prior 
to the etching step shown in FIG. 3H without altering the 
novel aspects of the invention. 
[0035] Turning now to FIG. 31, a conductive layer 395, 
preferably comprising a metal such as copper, may be 
deposited to fill the first and second openings 340, 370 
using techniques well known in the art. The completed 
dual damascene structure is then polished and 
planarized to remove unwanted portions of the conduc- 
tive layer 395 extending past the dielectric layer using 
common techniques such as chemical/mechanical pol- 
ishing (CMP). Advantageously, the selective overlayer 
320 can serve as a polish slowdown during this process, 
which provides for greater control over the trench depth 
because a high degree of selectivity is obtainable be- 
tween the selective overlayer and the conductive layer. 
The selective overlayer 320 also provides the advan- 
tage of preventing erosion of the dielectric layer 310 dur- 
ing the polishing process. The completed, planarized 
multilevel interconnect structure with the selective over- 
layer still intact is shown in FIG. 3J. If desired, the se- 
lective overlayer can be removed after the polishing and 
planarization process using well-known techniques 
leaving a conductive contact raised slightly above the 
dielectric layer. 

[0036] Alternatively, if desired, the selective overlayer 
320 can be removed prior to the deposition of the con- 
ductive layer 395 using common etching techniques. 
The conductive layer can then be deposited and pol- 
ished to cause the conductive layer and the dielectric 
layerto be substantially coplanar using techniques well 
known in the art. 

[0037] In accordance with the embodiment described 
at length above, the dielectric layer 310 may comprise 
a first dielectric layer comprising a first dielectric mate- 
rial formed over a second dielectric layer comprising a 
second dielectric material. Preferably the first and sec- 
ond dielectric layers are selected such that they share 



similar etching characteristics. In this embodiment, the 
selective overlayer 320 and the dielectric layer 310 are 
etched to the first predetermined depth 350 to transfer 
the first opening 340 at least partially into the first die- 
5 lectnc layer. It will be recognized, however, that the first 
opening mav be transferror! 

-■• — -■■ jjti Miw iiioi uiciculi iu 

layer and into one or more of the underlying dielectric 
layers, if desired. The dielectric layer 310 is then etched 
to the second predetermined depth 380 to transfer the 
10 first opening 340 through the first dielectric layer and at 
least partially into the second dielectric layer. The die- 
lectric layer 310 is then etched using the selective over- 
layer as a mask to transferthe first opening 340 through 
the second dielectric layer while, at the same time 
is transferring the second opening 370 through the first di- 
electric layer. 

[0038] Referring to FIGs. 4A-4G, there are shown 
cross-sectional views illustrating steps of another pre- 
ferred embodiment of the present invention wherein the 
dielectnc layer comprises a composite layer. Turning to 
FIG.4A, a semiconductor substrate 400 is provided hav- 
ing a composite layer formed thereon , wherein the com- 
posite layer comprises a first dielectric layer 440 formed 
over a second dielectric layer 430, formed over a third 
25 dielectric layer 420, formed overa fourth dielectric layer 
410. 

[0039] The first dielectric layer 440 is sometimes re- 
ferred to as the trench dielectric layer and may comprise 
Si0 2 or any of several dielectrics with similar properties 
30 The second dielectric layer 430, sometimes referred to 
as the etch stop dielectric layer, may comprise SiN or 
any one of several materials with similar characteristics 
The third dielectric layer 420, sometimes referred to as 
the via dielectric layer, may comprise Si0 2> but it will be 
35 understood by those skilled in the art that any dielectric 
material with similar properties may also be used The 
fourth dielectric layer 410 serves as a diffusion barrier 
to protect the semiconductor substrate and may com- 
prise any of a variety of materials such as SiN, SiON or 
40 a -SiC:H. Each of the layers of dielectric may be formed 
using PECVD, CVD, spin-on techniques, or any of sev- 
eral other techniques well-known in the art. 
[0040] Preferably the first and third dielectric layers 
440, 420 have similar etching characteristics while the 
«* second and fourth dielectric layers 430, 410 also have 
similar etching characteristics. It is also preferred that 
there be a high degree of selectivity between the second 
and fourth dielectric layers 430, 410 and the first and 
third d,electric layers 440, 420. By way of example only 
the composite layer may comprise a first dielectric layer 
comprising Si0 2 , a second dielectric layer comprising 
SiN, athird dielectric layer comprising Si0 2 , andafourth 
dielectric layer comprising SiN. 
[0041 ] The thickness of each of the dielectric layers 
ss may vary depending on the design of the integrated cir- 
cuit. In a preferred embodiment, the first and third die- 
lectric layers 440, 420 may have a thickness between 
approximately 300 to 900 nanometers while the second 
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and fourth dielectric layers 430, 410 may have a thick- 
ness between approximately 5 to 150 nanometers. In 
yet another preferred embodiment, the second and 
fourth dielectric layers 440, 420 have approximately the 
same thickness. 

[0042] Referring to FIG. 4A. an aspect of the present 
invention is the formation of a selective overlayer 450 
over the first dielectric layer 440 . The selective overlayer 
450 may comprise any of several materials well-known 
in the art and may be formed using PECVD, CVD, spin- 
on. methods, or other techniques well-known in the art. 
In accordance with the present invention, the selective 
overlayer 450 should be chosen such that it has a high 
degree of selectivity with respect to the first and third 
dielectric layers 440, 420. The selectivity is preferably 
greater than the thickness of the first dielectric layer di- 
vided by the thickness of the selective overlayer. By way 
of example only, if the first and third dielectric layers 440, 
420 comprise Si0 2 , the selective overlayer 450 may 
comprise SiN, a-SiC:H, SiON, or any of several other 
materials with similar etching characteristics. 
[0043] Next, still referring to FIG. 4A, a first patterned 
photoresist layer 460 is formed over the selective over- 
layer 450 to define a first opening 470 using any of sev- 
eral photolithography methods well-known in the art. 
The dimensions of the first opening 470 are determined 
based on the overall circuit design. 
[0044] Turning to FIG. 4B, the selective overlayer 450 
and the composite layer are etched to a first predeter- 
mined depth 480 using the first patterned photoresist 
layer 460 as a mask to transfer the first opening 470 
through the selective overlayer 450 and into one or more 
of the dielectric layers of the composite layer. The etch- 
ing process may be performed using any of several well- 
known etching techniques including reactive ion or HDP 
etching. 

[0045] In accordance with the present invention, the 
first predetermined depth 480 should be shallow enough 
to prevent undeveloped photoresist from remaining in 
the bottom or lower portion of the first opening after com- 
pletion of subsequent photolithography steps. It is pre- 
ferred that the first opening 470 be transferred to a first 
predetermined depth 480 which is approximately the 
same as the depth of the upper boundary of the third 
dielectric layer 420. 

[0046] Referring to FIG. 4C, the first patterned pho- 
toresist layer is removed using any of several tech- 
niques well-known in the art such as oxygen plasma 
ashing or by applying a chemical solvent strip. Using 
well-known photolithography techniques, a second pat- 
terned photoresist layer 490 is formed over the selective 
overlayer 450 to define a second opening 500. The di- 
mensions of the first and second openings 470, 500 are 
determined based on the overall circuit design. Thus, 
although the second opening 500 shown in FIG. 4C is 
wider than the first opening 470, this need not be the 
case depending on the requirements of the circuit de- 
sign. 



[0047] Turning to FIG. 4D. the composite layer is 
etched to a second predetermined depth 510 which is 
greater than the first predetermined depth 480 using the 
. second patterned photoresist layer 490 and the selec- 
5 tive overlayer 450 as masks to transfer the first opening 
470 further into one or more of the dielectric layers of 
the composite layer. Advantageously, the selective 
overlayer 450 prevents the second opening 500 from 
being transferred into the first dielectric layer 440 while 
10 still allowing the first opening 470 to be transferred fur- 
ther into the composite layer. This allows a deep first 
opening to be formed without eroding the first dielectric 
layer 440 and eliminates the possibility that undesired 
undeveloped photoresist may remain at the bottom of 
is the first opening 470 because the depth of the first open- 
ing 470 remained relatively shallow until after the sec- 
ond patterned photoresist layer 490 had been formed. 
[0048] In a preferred embodiment of the invention, the 
composite layer is etched such that the second prede- 
20 termined depth 510 is between the depth of an upper 
and lower boundary of the third dielectric layer 420. The 
second predetermined depth 510 preferably is chosen 
so that the first opening 470 may be transferred through 
the third dielectric layer 420 in substantially the same 
25 length of etch time as the second opening 500 is trans- 
ferred through the second dielectric layer 440 in subse- 
quent steps. This may be accomplished by choosing the 
second predetermined depth 510 such that the differ- 
ence between the lower boundary of the first dielectric 
30 layer 440 and the second predetermined depth 510 is 
equal to the thickness of the first dielectric layer 440. 
[0049] The etching process may be accomplished by 
choosing an etching chemistry such that the third die- 
lectric layer 420 etches faster than the selective over- 
35 layer. By way of example , if the selective overlayer 450 
is composed of SiN and the first and third dielectric lay- 
ers 440, 420 are composed of Si0 2 , then a suitable etch- 
ing solution may comprise C 4 F 8 CO, Ar and 0 2 . 
[0050] Turning now to FIG. 4E,the selective overlayer 
40 450 is then etched using the second patterned photore- 
sist layer 490 as a mask to transfer the second opening 
500 through the selective overlayer 450. This etching 
step may be accomplished using any of several etching 
techniques known in the art, such as HDP etching, by 
45 selecting an etching chemistry such that the selective 
overlayer 450 is etched at a very high rate while the first 
and third dielectric layers 440, 420 are etched minimally, 
if at all. By way of example if the selective overlayer 450 
is composed of SiN and the first and third dielectric lay- 
so ers 440, 420 are composed of Si02, then suitable etch- 
ing chemistry could comprise CH 3 F and 0 2 . 
[0051] Referring to FIG. 4F, the composite layer is 
etched using the selective overlayer 450 and the second 
dielectric layer 430 as masks to transfer the first opening 
55 470 substantially through the third dielectric layer 420 
and the second opening 500 substantially through the 
first dielectric layer 440. This etching step may be ac- 
complished using any of several etching techniques 
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well-known In the art whereby the etching chemistry is 
chosen such that the first and third dielectric layers 440, 
420 are etched at a much faster rate than the selective 
overlayer 450 and the second and fourth dielectric lay- 
ers 430, 410. This allows the first opening 470 to be 
transferred through the third dielectric layer 420 and the 

spnnnH nruaninn 5flft tn ho tron^^r-^^ fu* u il _ x:„ A 
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dielectric layer 440 while the selective overlayer 450 and 
the second and fourth dielectric layers 430, 410 are 
etched minimally, if at all. This may be achieved using 
any of several well-known etching chemistries to pro- 
vide the desired etch rates. By way of example, if the 
selective overlayer 450 and the second and fourth die- 
lectric layers 430, 410 are each composed of SiN and 
the first and third dielectric layers 440, 420 are com- 
posed of Si0 2 , then an etching chemistry comprising 
C 4 F 8' C°» Ar and °2 ma y be used. 
[0052] Referring still to FIG. 4F, the second patterned 
photoresist layer 490 is removed using any of several 
techniques well-known in the art such as oxygen plasma 
ashing or by applying a chemical solvent strip. It will be 
recognized, however, that the second patterned pho- 
toresist layer may be removed after completion of the 
dual damascene opening without altering the novel as- 
pects of the present invention as described below. 
[0053] Turning now to FIG. 4G, the selective overlay- 
er 450 and the composite layer are etched to transfer 
the first opening 470 substantially through the fourth di- 
electric layer 410 and the second opening 500 substan- 
tially through the second dielectric layer 430. Preferably, 
the selective overlayer 450, the second dielectric layer 
430, and the fourth dielectric layer 410 are selected such 
that that the three layers may be simultaneously etched 
to substantially remove the selective overlayer 450 
while, at substantially the same time, transferring the 
first opening 470 through the fourth dielectric layer 410 
and the second opening 500 through the second dielec- 
tric layer 430. This may be accomplished by selecting 
the selective overlayer 450, the second dielectric layer 
430, and the fourth dielectric layer 410 such that they 
share substantially the same thickness and substantial- 
ly the same etching characteristics. Preferably, the se- 
lective overlayer 450 and the second and fourth dielec- 
tric layers 430, 410 are selected such that they are 
etched at a much faster rate than the first and third die- 
lectric layers 440, 420. By way of example, the selective 
overlayer 450 and the second and fourth dielectric lay- 
ers 430, 410 may each comprise SiN and the first and 
third dielectric layers 440, 420 may comprise Si0 2 . In 
this embodiment, the etching step may be performed us- i 
ing an etching chemistry comprising CH 3 F and 0 2 . 
[0054] It will be understood, however, that, even if the 
respective layers are of varied thickness or have varied 
etching characteristics, the same results may be still be 
achieved by altering either the thickness or the etching t 
characteristics of the respective layers such that the 
time required to etch each layer remains substantially 
the same. By way of example only, the selective over- 



layer could be twice as thick as the second and fourth 
dielectric layers and still be removed in substantially the 
same amount of time if the etching chemistry were cho- 
sen such that the selective overlayer was etched at 

5 twice the rate of the second and fourth dielectric layers. 
[0055] A conductive layer (not shown), preferably 
comprising a metai such as copper, is then deposited to 
fill the first and second openings. Having removed the 
selective overlayer 450, the excess metal may be pol- 

10 ished away and the structure planarized to cause the 
conductive layer to be substantially coplanar with the 
first dielectric layer 440 using common techniques such 
as CMP. 

[0056] Alternatively, in another preferred embodi- 
5 ment, the selective overlayer 450 is chosen such that 
the etch process removes all but a relatively thin layer 
of the selective overlayer 450 which remains over the 
first dielectric layer 440. A conductive layer is then ap- 
plied as before. The excess metal is then polished away 
o and the entire structure is planarized using common 
techniques such as CMP. Advantageously, the thin layer 
of the selective overlayer 450 may then serve as a polish 
slowdown during the polishing and planarization proc- 
ess as described in the above embodiments. The selec- 
s tive overlayer 450 also prevents erosion of the first die- 
lectric layer 440. In addition, the thin layer of the selec- 
tive overlayer 450 may be removed after the planariza- 
tion and polishing process leaving a conductive contact 
raised slightly above the first dielectric layer 440. 
* [0057] In yet another preferred embodiment of the in- 
vention, the steps of the previous preferred embodiment 
are performed up to the stage depicted in FIG. 4E. Rath- 
er than removing the second patterned photoresist layer 
490, the composite layer is etched using the second pat- 
; terned photoresist layer 490 and the second dielectric 
layer 430 as masks to transfer to the first opening 470 
through the fourth dielectric layer 410 and the second 
opening 500 through the second dielectric layer 430. In 
this preferred embodiment, the second patterned pho- 
toresist layer 490 serves as a mask over the selective 
overlayer 450 such that the selective overlayer 450 is 
left intact during the etching process. The second pat- 
terned photoresist layer 490 is then removed to expose 
the fully-intact selective overlayer 450. A conductive lay- 
er is then deposited as before and polished using the 
selective overlayer 450 as a polish slowdown. In add!-, 
tion to providing the advantages of the previous embod- 
iment, this embodiment also allows the selective over- 
layer 450 to remain at approximately the same thickness 
throughout the formation of the dual damascene struc- 
ture without requiring any additional etching. Thus, ad- 
vantageously, the selective overlayer 450 may be 
formed to a desired thickness which is maintained 
throughout the process. 

[0058] Many modifications and other embodiments of 
the invention will come to mind to one skilled in the art 
to which this invention pertains having the benefit of the 
teachings presented in the foregoing descriptions and 
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the associated drawings. Therefore, it is to be under- 
stood that the invention is not to be limited to the specific 
embodiments disclosed and that modifications and oth- 
er embodiments are intended to be included within the 
scope of the appended claims. Although specific terms 
are employed herein, they are used in a generic and de- 
scriptive sense only and not for purposes of limitation. 



Claims 

1 . A method of fabricating a multilevel conductive in- 
terconnection for an integrated circuit device, com- 
prising: 

providing a semiconductor substrate including 
a semiconductor device and having a dielectric 
layer formed thereon; 

forming a selective overlayer over the dielectric 
layer; 

forming a first patterned photoresist layer over 
the selective overlayer to define a first opening; 

etching the selective overlayer and the dielec- 
tric layer to a first predetermined depth using 
the first patterned photoresist layer as a mask 
to transfer the first opening through the selec- 
tive overlayer and at least partially into the die- 
lectric layer; 

removing the first patterned photoresist layer; 

forming a second patterned photoresist layer 
over the selective overlayer to define a second 
opening; 

etching the dielectric layer to a second prede- 
termined depth, which is greater than the first 
predetermined depth, using the selective over- 
layer as a mask to transfer the first opening fur- 
ther into the dielectric layer; 

etching the selective overlayer using the sec- 
ond patterned photoresist layer as a mask to 
transfer the second opening substantially 
through the selective overlayer; and 

etching the dielectric layer using the selective 
overlayer as a mask to transf erthe first opening 
through the dielectric layer exposing the semi- 
conductor substrate, and the second opening 
into the dielectric layer to a third predetermined 
depth which is less than the second predeter- 
mined depth. 

2. The method of claim 1 , further comprising: 



removing the second patterned photoresist lay- 
er; 

removing the selective overlayer; 

5 

depositing a conductive layer to fill the first and 
second openings; and 

polishing the conductive layerto cause the con- 
10 ductive layer and the dielectric layer to be sub- 

stantially coplanar. 

3. The method of claim 1 , further comprising: 

15 removing the second patterned photoresist lay- 

er; 

depositing a conductive layer to fill the first and 
second openings; and 

20 

polishing the conductive layer using the selec- 
tive overlayer as a polish slowdown. 

4. The method of claim 1 , wherein providing the scm- 
25 iconductor substrate includes providing a semicon- 
ductor substrate having a dielectric layer formed 
thereon, wherein the dielectric layer comprises a 
first dielectric layer comprising a first dielectric ma- 
terial formed over a second dielectric layer compris- 

30 ing a second dielectric material. 

5. The method of claim 4, wherein etching the selec- 
tive overlayer and the dielectric layer to the first pre- 
determined depth includes etching the dielectric 

35 layer to the first predetermined depth to transfer the 
first opening at least partially into the first dielectric 
layer. 

6. The method of claim 4, wherein etching the dielec- 
40 trie layer to the second predetermined depth in- 
cludes etching the dielectric layerto the second pre- 
determined depth to transfer the first opening 
through the first dielectric layer and at least partially 
into the second dielectric layer 

45 

7. The method of claim 4, wherein etching the dielec- 
tric layer using the selective overlayer as a mask to 
transfer the first opening through the dielectric layer 
includes etching the dielectric layerto the third pre- 

50 determined depth to transfer the second opening 
substantially through the first dielectric layer. 

8. The method of claim 1 , wherein forming a selective 
overlayer includes forming a selective overlayer 

55 comprising one of silicon nitride, amorphous hydro- 
genated silicon carbide, and silicon oxynithde. 

9. The method of claim 1 , wherein forming a selective 
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overlayer includes forming a selective overlayer 
with a thickness of approximately 5 to 1 50 nanom- 
eters. 

A method of fabricating a multilevel conductive in- 5 
terconnection for an integrated circuit device, com- 
prising: 

providing a semiconductor substrate including 
a semiconductor device and having a compos- 10 
ite layer formed thereon, wherein the compos- 
ite layer comprises a first dielectric layer formed 
over a second dielectric layer formed over a 
third dielectric layer formed over a fourth die- 
lectric layer; 15 

forming a selective overlayer over the compos- 
ite layer; 

forming a first patterned photoresist layer over 20 
the selective overlayer to define a first opening 
therein; 

etching the selective overlayer and the com- 
posite layer to a first predetermined depth using 25 
the first patterned photoresist layer as a mask 
to transfer the first opening through the selec- 
tive overlayer and at least partially into the com- 
posite layer: 

30 

removing the first patterned photoresist layer; 

forming a second patterned photoresist layer 
over the selective overlayer to define a second 
opening therein; 35 

etching the composite layer to a second prede- 
termined depth which is greater than the first 
predetermined depth using the selective over- 
layer as a mask to transfer the first opening fur- 40 
ther into the composite layer while the selective 
overlayer prevents the second opening from 
being transferred into the first dielectric layer; 

etching the selective overlayer using the sec- 45 
ond patterned photoresist layer as a mask to 
transfer the second opening substantially 
through the selective overlayer; 

etching the composite layer using the selective so 
overlayer and the second dielectric layer as 
masks to transfer the first opening substantially 
through the third dielectric layer and the second 
opening substantially through the first dielectric 
layer; and 55 

etching the composite layer to transfer the first 
opening substantially through the fourth dielec- 



tric layer and the second opening substantially 
through second dielectric layer. 

11 . The method of claim 1 0, wherein providing a sem- 
iconductor substrate having a composite layer de- 
posited thereon includes providing a semiconductor 
substrate having a composite layer comprising a 
second dielectric layer and a fourth dielectric layer 
having a thickness between approximately 5 to 1 50 
nanometers. 

12. The method of claim 10, wherein providing a sem- 
iconductor substrate having a composite layer de- 
posited thereon includes providing a semiconductor 
substrate having a composite layer comprising a 
first dielectric layer and a second dielectric layer 
having a thickness between approximately 300 to 
900 nanometers. 

13. The method of claim 1 0, wherein forming a selective 
overlayer includes forming a selective overlayer 
comprising one of silicon nitride, amorphous hydro- 
genated silicon carbide, and silicon oxynitride. 

14. The method of claim 1 0, wherein forming a selective 
overlayer over the composite layer includes forming 
a selective overlayer having a thickness between 
approximately 5 to 150 nanometers. 

15. The method of claim 1 0, wherein etching the selec- 
tive overlayer and the composite layer to a first pre- 
determined depth includes etching the composite 
layer to a first predetermined depth to expose the 
third dielectric layer. 

16. The method of claim 10, wherein etching the com- 
posite layer to a second predetermined depth in- 
cludes etching the composite layer to a second pre- 
determined depth to transfer the first opening at 
least partially into the third dielectric layer. 

17. The method of claim 10, further comprising: 

removing the second patterned photoresist lay- 
er to expose the selective overlayer; 

depositing a conductive layer to fill the first and 
second openings; and 

polishing the conductive layer using the selec- 
tive overlayer as a polish slowdown. 

The method of claim 10, wherein etching the com- 
posite layer to transfer the first opening substantial- 
ly through the fourth dielectric layer and the second 
opening substantially through the second dielectric 
layer is preceded by removing the second patterned 
photoresist layer to expose the selective overlayer. 
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1 9. The method of claim 1 8, wherein the step of etching 
the composite layerto transfer the first opening sub- 
stantially through the fourth dielectric layer and the 
second opening substantially through second die- 
lectric layer includes etching the selective overlayer 5 
to substantially remove the selective overlayer. 

20. The method of claim 19, further comprising: 

depositing a conductive layer to fill the first and io 
second openings; and 

polishing the conductive layer to cause the con- 
ductive layer and the composite layerto be sub- 
stantially coplanar. 

21. A method of fabricating a relatively deep partial via 
in a multilevel conductive interconnection fabrica- 
tion process, comprising: 

providing a semiconductor substrate including 
a semiconductor device and having a dielectric 
layer formed thereon; 

forming a selective overlayer over the dielectric 
layer; 

forming a first patterned photoresist layer over 
the selective overlayer to define a first opening; 

etching the selective overlayer and the dielec- 
tric layer to a first predetermined depth using 
the first patterned photoresist layer as a mask 
to transfer the first opening through the selec- 
tive overlayer and at least partially into the die- 
lectric layer; 

removing the first patterned photoresist layer; 

forming a second patterned photoresist layer 
over the selective overlayer to define a second 
opening; 

etching the dielectric layer to a second prede- 
termined depth, which is greater than the first 
predetermined depth, using the selective over- 
layer as a mask to transfer the first opening fur- 
ther into the dielectric layer. 
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